To capture mnemonic and sensorimotor contributions to movement processing, eye movements 1 1 4 (via eye-tracking) and rhythmic neural activity (via electroencephalography, EEG) were measured 1 1 5 simultaneously. Eye movements have been associated with both mnemonic (e.g., Keane and 2 7 1 (http://opencv.org/) by defining the color contrast separating colored stimulus and grayish 2 7 2 background. Stimulus dimensions were included in the GUI to map gaze positions to actual 2 7 3 stimulus position. Only trials with less than 50% missing data (incl. data points beyond the 2 7 4 monitor) were considered for inspection. Each trial was visually scanned by a trained rater (CB) according to the persistent or repeated and/or on the borders of the monitor shortly before, during, and/or following the occlusion in 2 7 8 order to make sure that transitions were actually perceived, (b) noisy and/or broken data resulting 2 7 9 from technical error, (c) prolonged stationary data points reflecting blank stares without following 2 8 0 of the stimulus movement. In principle, trials could be associated with more than one criterion. Missing or outlying data points at the beginning and end of the trial were not regarded as an 2 8 2 exclusion criterion. Trials that were identified as being of poor quality were discarded from 2 8 3 further analyses (see Supplementary Material) . In ambiguous trials, video-recordings of the 2 8 4 experimental session were used to inform the decision. Following visual inspection, the percentage of trials available for eye-tracking analysis was 2 8 6 calculated relative to the number of trials that the infant had actually watched during stimulus 2 8 7 presentation, based on behavioral coding of video-recordings. Only data from infants providing at 2 8 8 least 10% artifact-free trials were considered for further analyses. As the movement was mainly evolving on the horizontal axis across time, only raw gaze positions 2 9 1 (in pixel) on the x-dimension (Gx) were used. Within subjects, gaze positions were averaged per 2 9 2 condition for each measurement point (i.e., every 4 ms). Data for movement from right to left 2 9 3
were flipped, so all trials were available in the left-to-right direction. Data on either the y-and/or 2 9 4
x-axis that were outside of the monitor's dimensions were considered missing, and this was also 8 applied to the corresponding gaze position on the other axis. Missing values were discarded 2 9 6 before averaging.
9 7
The analysis focused on infants' gaze behavior in reaction to the moving stimulus. However, it is 2 9 8 difficult to quantitatively determine gaze relative to moving objects based on raw gaze positions.
9 9
To relate gaze and stimulus position, the midpoint of the minimal and maximal x-value of the 3 0 0 stimulus dimension per video frame (see 2.3.1.2) was determined as mean stimulus position (in 3 0 1 pixel). Due to the biological characteristics of crawling (i.e., stretching and flexing of extremities), 3 0 2 the stimulus dimensions vary from frame to frame and thus the mean stimulus position over time does not represent a linear movement (see black dotted line in Figure 3A ). Following, at each 3 0 4 measurement point, the respective mean stimulus position was subtracted from the raw gaze 3 0 5 position, resulting in a difference score that reflects the distance between gaze position and 3 0 6 stimulus position. Thus, if infants were looking at the front parts of the stimulus target (i.e., For statistical analysis, within subjects, the mean distance as well as the variance in distance 3 1 1 between gaze and stimulus position were calculated for each trial across predefined 500 ms time 3 1 2 windows for each phase of the trial (i.e., the last 500 ms of the pre-occlusion, the 500 ms of the was thus taken to reflect tracking accuracy. Variance in distance represents the average 3 1 7 fluctuation in tracking behavior, and was thus taken to reflect tracking consistency (i.e., whether 3 1 8 tracking was rather consistent or random across infants). right mastoid electrode served as reference and the left mastoid was recorded as an additional 3 2 5
channel. Ground was placed at location AFz. Impedances were kept below 20 kΩ during 3 2 6 preparation. The EEG was recorded with an analog pass-band of 0.1 to 250 Hz and digitized with 3 2 7 a sampling rate of 1000 Hz. Prior to EEG-preprocessing, based on behavioral coding of video-recordings, trials were 3 2 9
discarded if infants (a) did not attend to the total duration of stimulus presentation and (b)
produced limb movement that could be seen as part of imitative crawling. The latter criterion was 3 3 1 chosen because we were interested in brain activity related to action observation but not to EEG data when stimulus presentation elicited eye-movements in a passive viewing paradigm 3 5 0 (e.g., Plöchl et al., 2012) .
All subsequent analyses were carried out in sensor space, based on the back-projection of the non-3 5 2 artifact ICs. Previously identified broken channels were interpolated after ICA-cleaning. Cleaned 3 5 3
data was re-referenced to the mathematically linked mastoids, filtered (high pass 1 Hz, low pass 3 5 4
30 Hz, 6 th -order Butterworth-filter), and segmented into 4000 ms epochs according to the onset of 3 5 5
occlusion (-2480 ms to 1520 ms). For each single trial, the offset was removed by subtracting the 3 5 6
average of the total epoch. Rhythmic neural activity was analyzed by means of fast Fourier transformation (FFT) using an 3 5 8
individualized data approach taking idiosyncrasies into account (Nesselroade et al., 2007) . That is, 3 5 9
we identified the individual peak frequency at the individual peak electrode in a given electrode To detect individual peak frequencies, the spectral power distribution between 1 Hz and 20 Hz at the stimulus position ( Figure 3A ). Note that in the forwarded/delayed conditions the stimulus 4 0 9
depicted a movement that started500 ms earlier/later in the movement sequence than in the 4 1 0 continuous conditions, and the crawling infant was thus at slightly different positions across 4 1 1 conditions throughout the pre-occlusion phase (see Figure 2 ). Accordingly, gaze positions were 4 1 2 about 150 pixels further backward in forwarded (see gray dotted line in Figure 3A ) and further temporal shifts in the continuation of transiently occluded movements. To analyze the mean distance as a marker for tracking accuracy in 500 ms time windows before, 4 6 7 during, and following occlusion, a mixed effects repeated-measures ANOVA was performed. The To evaluate the (d) three-way interaction effect, a total of six paired-sample t-tests were parts than non-continuous movements (M = 0.9, SE = 13.8; t (31) = -3.25, p = .003; pre-occlusion: (M = -58.18, SE = 9.92; t (31) = 3.69, p = .001; pre-occlusion: t (30) = 2.1, p = .03; occlusion: t (30) = 4 8 1 2.0, p = .05).
8 2
In sum, these results indicate that infants differentiated continuous from non-continuous 4 8 3 movements following occlusion. However, as already indicated in the qualitative description of pre-occlusion (M = 1842.46, SE = 189.36, t (62) = 3.54, p = .001).
9 9
To follow-up on the main effect of (b) Group, an unpaired t-test showed that variance in distance 2611.92, SE = 250.87; t (61) > 2.16, p = .034).
0 2
In sum, variance in distance increased due to transient occlusions. In addition, tracking was less altered by further processing (e.g., learned expectations across repeated presentations). measures ANOVA was calculated for frontal theta activity. Results showed a significant main 5 1 7 effect of Phase (F (1.55, 2.06) = 5.72, p = .009, η p 2 = .57) without evidence for further effects (all F < 5 1 8
1.41; all p > .250). Figure 6 provides an overview of the EEG results. Hence, counter to 5 1 9 expectations, no differential activation of frontal theta activity was found, indicating that the 5 2 0 manipulation of the time course of ongoing movement did not elicit differential demands on 5 2 1 memory processes. effects were observed (all F < 2.14, all p > .123).
2 7
As also implied by the small effect size, follow-up repeated measures ANOVAs separately per results as displayed in Figure 6 it may be concluded that, during post-occlusion, central alpha 5 3 0 activity was lower for non-continuous than for continuous movements. Hence, in line with our 5 3 1
Eye movements are sensitive to the time course of movements
As a consequence of high attrition, it was not possible here to directly relate EEG and eye-6 9 7
tracking measures (see also Stapel et al., 2010) . Furthermore, it cannot be excluded that attrition was selective for infants who complied better with testing requirements (e.g., Marshall et al., of artifacts to the EEG measurement potentially distorting the results. In adults, it has been shown 7 0 5 that eye tracking data measured simultaneously with EEG can be used to identify and correct for 7 0 6 those artifacts (e.g., Dimigen et al., 2011; Plöchl et al., 2012) . In contrast, in infants, automated 7 0 7 approaches to clean EEG of stereotypic artifacts are lacking. Here, we visually identified ICs accordance with the adult literature, we cannot be certain whether artifacts were sufficiently 7 1 0 removed in all data because eye and brain data could not directly be related as discussed above. Wiley. Henrichs, I., Elsner, C., Elsner, B., Wilkinson, N., and Gredebäck, G. (2014) . Delay group (N = 24) Forward group (N = 25) sample are shown. The x-axis shows the chronological trial number. Blue -trial available for 9 9 8 analysis; red -trial not available for analysis. Circle -EEG data, Cross -eye-tracking data. Note that not for all data sets measurement of both EEG and eye-tracking was possible. It is apparent 1 0 0 0 that infants contributed trials to the final analysis more or less randomly. Therefore, separate 1 0 0 1 analyses of eye-tracking and EEG measures were performed. Following occlusion, the video was always continued with the same frame in the video (i.e., at 1 0 1 0 3000 ms), and therefore the visual input was identical across conditions. Delay group, non-continuous in the Forward group), and phases (i.e., pre-occlusion, occlusion, 
